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TECHNICAL NOTE 3568

.

AVERAGING OF EWUODIC PRESSURE RJL%UTONS BY A TOIML-l?IW3SUREPROBE

By R. C. Johnson

suMhmY

Information is presented on the average pressure indicated by a
total-pressureprobe mibJetted to a stagnation pressure that alternates
periodically between two constant values.

Calculated and expetiental data are in good agreement, and errors
are reduced when the probe desi~ is such as to ensure MKblar-flow pul-
sations in the probe at all times. The averaghg error is ndmimized
when the inside diameter of the probe entrance tube is made as small as
possible, and its length as great as possible, consistent with an accept-
able time lag.

INTRODUCIJ1ON

When a total-pressure probe, comnected to a man”meter, is subjected
to a fluctuating pressure, the manometer indication may not represent
the thne-weighted average of the app14ed total pressure because of cer-
tain nonlinear effects. When the wave length of the pressure fluctua-
tion is large compared with the probe length, and the period of the
fluctuation is smill compared with the time constant of the probe and
its associated pneumatic system, the principal nonlinearities are re-
duced to two.

For a total-pressure probe whose entrance tube is so long that its
end effects can be neglected, the mass-flow rate of incompressible lsm3.-
nar flow within the tube is a linear function of the applied pressure.
Under these conditions the probe will indicate the time-weighted average
of the applied pressure. For compressible I.smMar flow in the entrance
tube, the mass-flow rate is also a function of the average density with-
in the entrance tube. Since this average density is, in turn, a function
of pressure, the mass-flow rate then becanes a nodimar function of the
applied pressure. Thus, the probe will not @ve the time-weighted.
average of the applied pressure.

—.=. -.. —------ -—— .—. .— -. —-.— ———— —.——.
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For a total-pressure probe whose entrance the “isso short that it
can be considered an orifice, the mass-flow rate of incompressible flow
through the orifice is proportional to the square root of the pressure
drop across the orifice. Since this is a nonlbear function of the
applied pressure, this probe will not give the time-weighted average of
the applied pressure. If the flow is compressible, additional nonMnear
effects wi12 result.

A third possible nodinearity results from a difference between the J
flow coefficients for the flow in and out of the probe. Because the

:
restricted part of the probe is essentially similsr with respect to the
flow processes both in and out of the probe, this particular nonJ_inear-
ity is not believed to be significant for the probe geometries con-
sidered in this report.

In general, the entrance tube
such that both principal nonlinear
fects are interdependent, and they

of the total-pressure probe will be
effects will be present. These ef-
must be considered simultaneously.

Ih reference 1 the averaging of some symmetrical wave shapes is

mfc~ treated. This report till treat the averaging of pressure
fluctuations of rectangular wave shapes (fig. 1). The averaging errors
sre first esthated E+EIY_McaUy. Then the results of experiments on
some typical probes are used to estAblish the probe design limits with-
in which the theory may provide an adequate estimate of these errors.

ANALYSIS

The probe shown in figure 2(a) is a tube of length L and inside
diameter D that opens into another ttie of much larger M.ameter. The
latter tube connects the probe to a manometer, so that the pressure at
the exit of the probe is the same as the pressure at the manometer.
The pressure P at the probe entrance is a stagnation pressure that
follows the periodic pattern shown in figure 1.

The time-weighted average of the applied pressure P is

Pa
= ‘rein

+ !3(PH - P*) (1)
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The probe-averaged pressure Pm can be represented as

.

.

Ad
8,,IQ

Pm = P* + a(P=

..

Ccnnbiningequations (1) and (2) @elds

Pa ~- (a- P)(P= - P*)=P

Thus (a - N(P= - Ptin) is the averaging error due

fects. This error is to
indication Pm to yield

At any instant, the

tube is given by

be subtracted algebm.ically

(2)

(3)

to nonlinear ef-

from the mananeter
the time-weighted average pressure Pa.

~ressure drop
V’ -

Pm I across the probe entrance

P-Pm=

where (AP)l is the pressure drop

(~) z is the pressure

pressure change across

The pressure drop

drop due to

(4)

due to the sudden contraction, and

friction within the ttie. The static-

the sudden enlargement is negligible.

due to the sudden contractionmay be esthnated
from the orifice-flow formula. The relation between pressure drop and
mass-flow rate per unit area G iS given by

{

2

2y & Pc
?

()
G= C—— —

r- lREJ %
(5)

——.—— _.. —— —.— ..— ——— ..— — ————— -
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,

where ~ and Pc are the pressures upstream and downstream of the

tube entrance, respectively. For subcritical pressure ratio, equa-
tion (5) maybe approtiated to within 3 percent by

c
[ 1

l/2

‘=7%
2Pc(Pb - Pc) (6)

The approxhate
through the tube is

relation between pressure drop and mass-flow rate
,4
to
m
m

(7)

where pa is the pressure at the downstream end of the tube and the

friction factor f is
n

f 16
‘%

for laminsr flow (8) “

f = 0.046Re-0”2 for turbulent flow (9)

Applying equations (6) and (7) first to the case where the flow in
figure 2 is from left to right, and then to the case where the flow is
from right to left, and then,introducing the condition that the total—
mass flow is zero over a
tube (see appendix B)

-1
P

where

complete cycle T give for lami.nsrflow in the

‘%2+%=1+(1+02$-) —
5R2+5R

l/2

5L . -l +[l+472(l+@)I$(l - a)l

2qql + @)2

(lo)

(U)

(12)

——-——-. .—
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.

When the
pressure drop

When
sure

5

(14)

pressure drop across the tube is large compared with the
due”to the contraction,

P
-1 a2+(l+ a)*

=1+~
a 2+@

drop due to the contraction,

(El)

with the pres-the pressure drop across the tube is small compared

algebraically quiteFor turbulent flow in the tube, the solution is
complex, unless the pressure drop across the tube.is
or very smsll compsred with the pressure drop due to

either very lsrge
the contraction.

~ the pressure drop h the tube is much smaller, equation
results. IY the pressure drop in the tube is much larger,
for ~ becomes

[ ‘v]
5/9

P
-1 a2-t-(l+a

=1++
2+@

The relation
which may be more

Let

Note that

Then

(16)

(16) sgain
the expression

(17)

in equation (10) can be representedby new variables
readily measured in a practical situation (appendixB).

P
A=l-~

m

- Pm
x =Ppa

m
-Pti .

Pa = Pm(l + AX)

[

2
x

I
=%l+(1:A)25L-@ -~)

(18)

(19)

(20)

(21)

—-—. — —- ..——— —.—. —— —
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and

, _21ki&J!
R– 2112

.

.

(22)

(23)

r$
mN-1

The value of X aa a function of 13,q, and A is listed in table 1.
An example of the use of this method is given h appendix C.

~AL INVESTIGATION P

A typical probe is shown in figure 3. The ends of tk entrace tibe ~
were carefully squared and deburred. A spacer was soldered near the end
of the entrance tube within the probe to ensure center@ within the body
of the probe. !l%enty-twoprobes were constructed representing 13 differ-
ent geometries. The characteristics of probes having the same geometry
agreed closely.

The principal parts of the test apparatus are shoin in figure 4.
By means of a wheel and crank arm the probe was oscillated past the inner
edge of a O.75-inch-diameternozzle forming a high-velocity air jet. The
osciJlation frequency could be varied from 3 to 50 cps. The pressure-
wave shape was determined by rotating the wheel by hand and observing the
pressure as a function of wheel angle. This wave shape was approximately
rectsngukr at all jet velocities. Since, in all cases, the probe veloc-
ity was small compsred with the jet velocity, the wave shape can be con-
sidered independent of frequency. In order to reduce”pressurefluctua-
tions behind the probe entrance tube at low frequencies, the probe was
connected to a 3-cubic-inch volume by a length of 0.25-inch-inside-
diameter plastic tubing. Probable errors of measurement were less than
1 percent in Pm - P* and less than 0.01 in p.

RESUITS AND DISCUSSION

In table II the characteristics of probes representing 13 different
geometries are tabulated. In figure 5 a graphical canparison of theo-
retical and experimental probe errors is shown for six of the probes. In

.
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these curves, a - j3 is plotted against 13 with ~ as:the curve @rame-
ter. Figures 5(a) to (d) indicate generally good agreement with theory
for probes whose geometry varies from one (probe 1, fig. 5(a)) whose
entrance tube is such that it acts like a long capillary to one (probe 6,
fig. 5(d)) that has a 0.020-inch orifice at the end of the probe. Probe
10 (fig. 5(e)) agrees with theory for low values of ~. At high values
of ~, the agreement is poor. The agreement of probe 13 (fig. 5(f)) with
theory is generally poor.

In this experime& the independent variables were ~, q, and ~.
The dependent variable was a - p. It should be noted that, in the ex-
pected application.of this theory, the quantities that could be estimted
in advance would generally be 13,?l,and A. l?romthese, the time-
weighted average pressure can be determined.

Four limitations exist which, if violated, would seriously affect
the predictability of probe behavior:

(1) The entrance tube should open into a tube of much larger diameter
(4 to 8 times, e.g.).

. .

(2) The flow across the ends of the tube should always be subcritical.

(3) The period of fluctuation T should be much smaller than the
time constant TO of.the probe and associated system and much larger

than the time ‘cl required for a pressure disturbance to be propagated

along the probe entrance tube. lY the speed of the pressure disturbance
is taken as the speed of sound under ambient conditions, then

(24)

The preceding limitations can be expressed by the following inequality:

2fio>>T>>L/a (25) “

(4) The flow within the probe should be either laminar over a’com-
plete cycle or turbulent over a complete cycle. It should be noted that
it is possible to have the flow laminar over one part of a cycle and tur-
bulent over the other part of a cycle. This situation does not readily
permit analytical treatment.

Over the range of parameters and geometries covered in this investi-
gation, it was found that the agreement between theory and experiment was

(1) Good when the mximum Reynolds number in the tube was less than
8,000. In this case, the laminar-flow equations (10) and (15) apply.

.— _ .. . . . —. ——- -— . -+ ——— .—
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8,000< Re< 20,000.

No tests were made at

NACA TN 3568

Reynolds nmbers in the tube were in the region

Re > 20,.000. It my be expected that, for a mini-
mum Reynolds number greater th& 20,000, good agreement would be obtained
with equation (17) for all turbulent flow. l?quations(B26) and (B29) in
appendix B may be used to calculate the Reynolds number.

$

CONCLUSIONS

A method has been presented for determining the averaging character-
istics of a total-pressure probe in fluctuating flow, and an eqerfient
has been conducted to check this method. The results and analysis show
that

1. The averaging characteristicsare a function of the wave shape
tested, the gas properties, the total-pressure probe geometry, and the
magnitude of the pressures involved.

2. The theoretical and experimental data were in reasonable agree-
ment when the maximum Reynolds number within the probe was less than
8,0(X).

3. The averaging error is minimized when the inside diameter of the
probe entrance ttie is made as small as possible, and its length as great
as possible, consistent with an acceptable time lag.

Lewis Flight Propulsion Laboratory
National Advisory Committee for A&onautics

Cleveland, Ohio, July 29, 1955

t-l
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APPENDIX A

SYM60LS

The following symbols are used in this report:

Pm - P*

Pm

speed of sound under ambient conditions

discharge coefficient

tiside diameter of total-pressure-probeentrance tube

friction factor

mass-flow rate per unit area

length of entrance tube within tota2-pressureprobe

stagnation pressure

time-weighted average of applied pressure

pressure as averagedby total-pressure ~robe

minimum applied stagnation pressure

maximum applied stagnation pressure

presswe upstream of equivalent orifice

pressure downstream of equivalent orifice and upstream of tube

pressure downstream of tube

gas constant

Reynolds number

period of fluctuation

Pa - Pm

Pm - Pmh

— . .,—————. .— . ——.. —— —- —— ——
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Pm - Pm~
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V

F_ - Pb

fraction of period that pressure is a maximum

ratio of specific heats

pressure drop across tube divided by pressure downstream of tube,

.

e-J
In
m

probe parsmeter that involves probe geometry and gas properties,

D2Pmti
l-i=

temperature

viscosity

time constant

P= - P*
D

Subscripts:

L flow from

R flow from

of probe and associated system

left to right

right to left

(fig. 2(b))

(fig. 2(c))

.

.— . -. .——
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APPENDIX B

DERIVATION OF EQUATIONS

FlowLsminsr

Combintig equations (7) and (8) yields, for the mass-flow rate
through the tube,

(Bl)

Since the mass-flow rate through the orifice is equal to the mass-flow
rate through the tube at any instant of the, equations (Bl), (6), and
(14) can be couibinedto yieid.

.sC-J
IQ”

‘Yg

(B2)

probe is frm left to rightIf the flow through the total-pressure
(fig. 2(b)), then

pd,L = pm= Pmti(l + ~) (B3)

(B4)

Let

p(m,L- ‘m
8L= p

m
(B5)

Then

.’

Substituting the preceding relations in equation (B2) and grouping
terms yield -

(B7)

—... __ —__ ..— ...——. ._ .— .——. ——.——— —----



12 MC!A TN 3568
.

2
1 5L

‘s-g ‘mt z 1 + ~
is negligibly small snd then solving equation .

(B7) for 5, yield equation (12).
u

Combining equations
yield

~=

E? the flow through
(fig. 2(c)), then

(Bl), (B3), and’(B6) and then solving for ~

D2p&# ‘@2 5L(2 + ~L)

64i.lLRe

the total-pressure probe is from right to left ,

pd,R = pa (B9)
.

~,~ = pm = P-(1 + w) (B1O)

k-t

(Bll)

Then

p~,R = Pti(l+ ~) (B12)

Sulmtituting the preceding relations in equation (B2) yields

(B13)

Assuming that

(B13) for bR

combining
yield

1 6:
Zl+y is negligibly small and then solving equation

yield equation (13).

equations (Bl), (B9), and (B12) and solving for ~

.)

(B14)
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Since the net mass flow when the flow is from left to right equals
the net maas flow when the flow is from right to left,

13GL= (1 - P)% (B15)

Combining
yield equation

equations (B8), (B14), and (B15) and then solving for P
(lo).

Consider a different set of parameters ~, ~, A, snd X, where A
and X are defined by equations (Ml) and (19), respectively. Equatio~
(1), (2), (n), (18), and (19) can be combined to yield the following
relations:

Pa=—
1+X

(B16)

.

.<
,

Substituting equations (B16)”and (B17) in equation (B7), assuming

1<
-— is zero, and solving the resulting equation for X

‘hat 4 1 + b~

yield equation (21). Substituting equations (B16) and (B17) into equa-
tion (10) and solving for bL yield equation (22). Substituttig equa-

tions (B16) aud (B17) into equation (13) yield equation (23).

If the tube is so long that the pressure drop across the tube is
much larger than the pressure drop due to the contraction, q becomes
Smsll. Then equation (12) reduces to

0

limb .H (B18)
q+oL l+c@

and equation (13) reduces to

H these

equation

lim 5R = @ (B19)
~ +0

expressions for bL and 8R are substituted in equation (10),

(15) results.

. . . —. -— .— — —.— — ——. —.— — —,——. --— -— —.
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If the tube is so short that the pressure drop across
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.

the contrac-
tion is much larger than the pressure drop across the tube, q becomes
large. By dividhg equation (12) by equation (I-3)there results

,,

5L -1+ ~+ 4q2(l+a#r)*(l - ~fl@’

F = (1 +1@)2
(B20)

-1 + (1+ 4&#2

and

From equation (12)

lim(2+5L)=2 (B22) -
q+.

From equation (13)

Mm (2+5R).2 (B23)
q+c+a

M equations (B21), (B22), aud (B23) are substituted in equation (10),
equation (16) results.

By deftiition, Reynolds number is givenby

Re=!22
P.

For the case in which the flow is from right to left,

GRD
ReR = —

P

(B24)

(B25)

If equations (13), (14), (B14),-and (B25) are combined, the following
Reynolds numiberexpression for flow from right to left &esults:

ReR= 32C2#c$

((’q

42- 1+ 1+472

1 +4- )

(B26)

.

———
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Note that

(B27)

by D/p, the equationJf both sides of equation (B15) are multiplied
becomes

(B28)

Since ~D/p equals ReL and ~D/p equals R%, equation (B28) can

results:be solved for ReL and the following relation

ReL = (~)ReR (B29)

Turbulent Flow”

only
long that
sure drop

that case will le
the pressure drop

considered where the total-pressure tube is so
due to the tube is much larger than the pres-

due to the contraction. Jf equations (7) snd (9) are comb-tied,
the mass-flow rate through the tube becomes

.

()$.2
5/9

(P: - P:)5/9
0.18K0“2LRe

G=

For the flow from

(B30)

(fig. 2(b)),left to right

P = Pm= =
c,L

Pmti(l + *) (B31)

(B32)

Substituting these expressions for pc and pd h equation (B30) welds

()
5/9

D1“%:ti

0.2 [(*l- a)(2+v+@jJ5/g (B33)

0.18w LR~
,,

.

. —.—
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For the flow from right to left (fig. 2(c)),
.

l?~,R= pm=p~(l +

Pd,R = ‘m~

Substituting these expressions for pc

5/9

()

~1.2p2.

%= &
0.18p LIW

and

[(a.$2

m.) (B34) I

(B35)

pd in equation (B30) yields

+ a$j-p (B36)

m equations (B15), (B33), and (B36) are conibinedand then solved
for ~, equation (17) results.

.

.

“

-.
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APmp c

SAMPLE CALCULATION

wu-l
wP

.

A sample calculation is the measmement of the time-average stagna-
tion pressure in an ah stresm whose stagnation pressure fluctuates. An
independentmeasurement -indicatesthat the frequency of the fluctuation
is 200 cps and the wave fobm can be approximated by a value of p of
0.75. Other data are

Indicated average total pressure, Pm, in. Hg ahs . . . . . . . . . 40.2

Minimum stagnation pressure, Pm, in. Hg abs . . . . . . . . . . 25.1

Temperature, OR . . . . . . . . . . . . . . . . . . . . . . . . . 530
Probe dimensions:
lZntrance-tubeI.D.,D, fi. . . . . . . . . . . . . . . . . ...0.020
Entrance-tube length, L, in. . . . . . . . . . . . . . . . . . . 2.0
Entrance tube opens into O.1-ti.-I.D. probe which is connected to a

manometer by O.1-in.-I.D. tubing.

The time constant To of the probe and manometer connectionswas deter-

mined to be approximately 0.1 second.

Since a = 13,000 inches per second, L/a = 0.0002 second, To = 0.1

second, and T . 0.005 second, the inequality 2fio>>T>>L/a is

sati8fied. From equation (14),q = 2.5; from equation (18), A= 0.38;
from equation (B27), @ = 0.61; from equation (B26), R% = 5400; and

from equation (B29), ~eL = 1800. Since the maximum Reynolds nuniberis’

less than 8,000, it is permissible to use table I to find the value of
x. By interpolation,this value is found to be -0.13.

From equation (20), Pa = 38.2 inches of mercury absolute. Thus, the

time-average pressure is 5 percent lower than the tidicated pressure.

1. Nesbitt, M. V.: The Measurement of hue Mean Pressures and Mach Num-
bers in Oscillatory Flow. Memo. No. M.180, British N.G.T.E., Mar.
1953.

.
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P

0.1
.2
.3
.4
.5
.6
.7
.8
.9

1.0

0.1
.2
.3
.4
.5
.6
.7
.8
.9

1.0

TABLE I. -VALUEOF X A8 FUNCTIONOF ~,q,AND A

[Pa = Pm (1 + Ax)]

(a) A = 0.005.

0

-0.021
-.009
-.004
-.003
-.002
-.001
-.001
-.001
0
0

-0.042
-.020
-.o11
-.007
-.004
-.003
-.0Q2
-.001
-.001
0

1

0.012
.002

0
0
-.002
-.002
-.002
-.001
-.001
0

0.024
.003

-.002
-.004
-.004
-.006
-.005
-.004
-.001
0

2

0.111
.035
.012
.003

-.002.
-.006
-.005
-● 003
-.001
0

4

0.462
.157
.060
.016
-.002
-.010
-.o11
-.013
-.009
0

0.2111
.070
.025
.005

-.004
-.007
-.009
-.006
-.005
0

8

1.393
.470
.182
.057

-.002
-.028
-.036
-.030
-.017
0

(b) A = 0.01.

0.786
.266
.101
.029

-.004
-.020
-.022
-.018
-.013
0

2.050
.699
.269
.084

-.005
-.042
-.054
-.049
-.029
0

16

.3.968
.997
.393
.124

-.002
-.060
-.069
-.068
-.042
0

3.699
1.251
.487
.151

-.005
-.072
-.094
-.080
-.049
0

32

4.560
1.522
.584
.192

-.002
-.078
-.114
-.095
-.057
0

5.090
1.710
.662
.207

-.005
-,104
-.123
-.113
-.064
0

m

7.180
2.384
.924
.296

-.002
-.135
-.172
-.150
-.090
0

7.120
2.370
.914
.290

-.005
-.136
-.172
-.151
-.089
0

w

GIn
to

.

..

.



NACA TN 3568 19
.

TABLE 1. - Continued. VALUE OF X’ AS FUNCTIONW ~, ~, AND A

[Pa = Pm (1 + AX)]

(c) A = 0.02.

to
A“J

0.1 -0.077
.2 -.038
.3 -.022
.4 -.015
.5 -.010
.6 -.007
.7 -.004
.8 -.002
.9 -.001

1.0 0

T
0.1 -0.145

.2 -.070

.3 -.043

.4 -.028

.5 -.019

.6 -.013

.7 -.008

.8 -.005

.9 -.002
1.0 0

J-

0.043
.006

-.002
-.006
-.!310
-.009
-.008
-.006
-.003
0

2

0.365
.122
.042
.008

-.010
-.014
-.016
-.013
-.007
0

4

1.220
.427
.162
.046

-.010
-.034
-.038
-.034
-.019
0

2.710
.940
.366
.1.12

-.010
-.064
-.076
-.068
-.039
0

16

a4 .310

1.464
.566
.Z78

-.010
-.094
-.116
-.098
-.060
0

0.078

.014
-.008
-.016
-.019
-.017
-.014
-● 010
-.005
0

(d) A = 0.04.

0.573
.199
.067
.008
-.019
-.030
-.030
-.023
-.013
0

1.690

.607

.231

.062
-.020
-.054
-.061
-.051
-.030
0

‘3.230

1.142
.440

.130
-.020
-.085
-.102
-.085
-.050
0

a4.640

1.604
.620
.184
-.020
-O11o
-.133
-.33.3
-.066
0

32

% .545
1.875

,735
.229

-.010

-.106
-● 141
-.124
-.070
0

>.050
2.335
.900
.282

-.010
-.139
-.174
-.156
-.089
0

a5.630
1.908

.733

.223
:.020
-.124
-.152
-.132
-.077
0

% .875
2.275

.795

.264

-.020
-.144
-.177
-.152
-.089
0

%ad.ue of X for which theory breaks down because of limitation 2 in
DISCUSSION AND RESULTS.

--- .—. ...—.— —— -—-. ———.—— -— ———. -———
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.

TA8LE 1. - Continued. VALUE OF X AS FUNCTION OF f3,~, AND A

[pa=Pm (l+ AXJI

(e) A= O.07.

P

0.1
.2
.3
.4
.5
.6
.7
.8
.9

1.0

0.1
.2
.3
.4
.5
.6
.7
.8
.9

1.0

0

-0.201
-.111
-.071
-.047‘
-.033
-.022
-.015
-.009
-.004
0

-0.254
-.146
-.096
-.065
-.046
-.032
-.021
-.012
-.006
0

1

0=108
.015
-.018
-.030
-.033
-.031
-.025
-.018
-.010
0

0.133
.092
-.025
-.042
-.046
-.043
-.036
-.026
-.014
0

2

0.756
.283.
.090
.056

-● 033
-.047
-.047
-.037
-● 021
0

4

1.990
.733
.276
.067
-.033
-.077
-.084
-.069
-.040
0

8

a3.460
1.242
.474
.131
-,033
-.104
-.120
-.101
-.059
0

(f) A= O.1.

0.866
.319
.101
.001

-.046
-.063
-.062
-.048
-.027
0

a2.114
.790
.293
.064

-.046
-.092
-.099
-.082
-.047
0

a3.509
1.266
.477
,122

-.047
-.=9
-.134
-.112
-.065
0

16

a4.710
1.635
.621
.176

-.034
-.125
-.147
-.124
-.072
0

-.

al.614
.608
.070

‘-.049
-.137
-.156
-.131
-.076
0

32

a5.560
1.887
.712
.204
-.035
-.137
-.164
-.139
-.080
0

--

al.827
.685
.186

-.050
-.148
-.171
-.144
-.083
0

--

a2.180
.820
.237
-.035
-.152
-.180
-.154
-.090
0

--

a2.080
.770
.210

-.050
-.160
-.184
-.155
-.090
0

avalues of X for which theory breaks down because of limitation 2
in DISCUSSION AND RESULTS.

— .-
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TAME I. - Continued. VALUE OF X AS FUNCTION Cl? ~, q, AND A

[Pa= Pm (l+ AX)I

(g) A = 0.2.

s’

0.1
.2
.3
.4
.5
.6
.7
.8
.9

1.0

0.1

:;
.4
.5
.6
.7
.8
.9

1.0

0

-0.370
-.237
-.166
-.118
-.085
-.060
-.039
-.024
-.011
0

-0.445
-.304
-.219
-.161
-.118
-.085
-.058
-.035
-.016
0

1

0.194
.023
-.048
-.077
-.085
-.080
-.067
-.048
-.026
0

%.249
.029

-.066
-.11o
-.1.19
-.113
-.095
-.069
-● 037
0

2

q.020
0.375
.103

-.025
-.086
-.106
-.100
-.076
-.043
0

al.105
.379
.084

-..059
-.123
-.141
-.130
-.099
-.055
0

4

--

%. 810
.279
.028

-.088
-.134
-.136
-.104
-.062
0

8

--

al.183
.404
.068

-.093
-.157
-.162
-.132
-.074
0

(h) A = 003.

%:;58
.224
-.019
-.130
-.169
-.162
-.126
-.071
0

--

al.030
.320
.038
-.138
-.188
-.184
-.144
-.081
0

16

--

al.437
.504
.092

-.097
-.171
-.180
-.145
-.083
0

--

al.216
.378
.016
-.140
-.200
-.196
-.155
-.086
0.

32

--

al.588
.554
.106

-.100
-.179
-.187
-.152
-.086
0

--
--

%.409
.025

-.146
-.206
-.202
-.160
-.086
0

--

al.760
.606
.120

-.100
-.186
-.197
-.160
-.091
0

--
--

43.442
.030
-.150
-.213
-.210
-.165
-.092
0

aValue of X for which theory breaks down because of”limitation 2 in
DISCUSSION AND RESULTS.

—-.—-—z— —. .—— _ —..— .—— ——— —-.–-
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TABLE 1. - Concluded. VALl& X AS FUNCTIONOF j3,q, AND A

[Pa = Pm (l.+ Ax)]

(i) A = 0.4.

P

0.1
.2
.3
.4
.5
.6
.7
.8
.9

1.0

0.1
.2
.3
.4
.5
.6
.7
.8
.9

1.0

0

-0.500
-.356
-.265
-.200
-.149
-.109
-.075
-.046
-.021
0

-0.543
-.400
-.304
-.233
-.176
-.131
-.091
-.056
-.027
0

1

%.315
.040

-.080
-.133
-.150
-.143
-.120
-.088
-.046
0

%.386
.058

-.090
-.157
-.176
-.170
-.145
-.SL6
-.057
0

2

%:;61
.051

-.096
-.159
-.172
-● 155
-.ll?
-.064
0

%;Z3i
.010

-.135
-.194
-.202
-.178
-.133
-.072
0

4

%:;51
.153

-.073
-.172
-.200
-.184
-.140
-.077
0

I
8

--

%:;12
-.065
-.183
-.221
-.202
-.154
-.085
0

(j) A = 0.5.

--

%:;70
-.133
-.214
-.229
-.204
-.142
-.083
0

--

%%6
-.139
-.229
-.247
-.219
-.163
-.088
0

16

--

%:;47
-.061
-.191
-.227
-.213
-.162
-.089
0

--
--

a. ●107
-.143
-.239
-.256
-.227
-.169
-.091
0

32

--

%:;63
-.059
-.194
-.233
-.218
-.166
-.091
0

--
--

a.●l-n
-.147
-.246
-.262
-.232
-.172
-.093
0

m

--

‘%:;70
-.060
-.200
-.240
-.223
-.170
-.094
0

--

%X62
-.150
-.250
-.267
-.236
-.175
-.094
0

@Jalue of X for which theory breaks down because of limitation 2 h
DISCUSSION AND RESULTS.
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IYobe

1
2
3
4
5
6
7
8
9

10

u
12
13

D,
in.

o.o12
.012
.017
.016
.017
.020
.029
.029
.029

.032

.047

.047

.047

TABLE II. - PROBE CHARACTERISTICS

L,
in.

12
2
2
1.06
.38
.010

6.5
3.3
1.0

12

15
9
1.6

~~
ati
under
stan-
asxd
condi-
tions

0.18
1.1
2.2
3.5
12
400
1.9
3.8
12

1.3

2.2
3.7
21

ReR

for
N of
0.05

52
310
760
910
1600
--

ILOO
1800
2400

950

2100
2900
4500

ReR

for
a~ of
0.8

1,100
4,000
6,600
6,200
7,400
----

11,ooo
12,000
12,000

11,ooo

18,000
19,000
20,000

Agreement between
theory snd exper-
iment

Good
Good
Good
Good
Good
GOOa
GOOa
Gooa
Gooa

Goo& for $< 0.4
Poor for ~ > 0.4

Poor
Poor
Poor

23
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Figure 1. - Wave form of applied pressure. Pa, time-weighted average of qpplied

pressuxe~ Pm, average preamre indicatedby total-pressure probe; P=, maximum

premwre; PmIn, minimum pressure; T, period of flue’cution; ~, fraction of

period that pressure is a mimum.
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II I

t I
D I

(a) Probe dhensions.

To manometer

Flow I pd,L
>~,L PC,L “

Pa 1 n

-,

(b) Flow from left to right.

1

(c) Flow from ri@t to left.

Figure 2. - Siqlifled sketch of probe.

-- .—— . ...-.— ____ ___ .- — ——- —.. —-— .



26 NACA TN 3568

I

T’
-L k Entrance tube:
1/4” Length before bending, L

Inside diameter, D

i

/

A #/ Ra%@’ Dim

+
~_____

I

Figure 3. - Sclmnatic diagram of total-pressure probe. Cross section of
all probes exce@ 11, 12, and 13 for which the l/8-inch-diametertube
is cu.uitted.

.
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m,gure 4. - Teat apparatus,
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m.

I

8 IIhiperi-Theoretical Pm . ‘rein,~
mental_ ‘ Pfin L

H---t
G
01 0 0.05
a)
k c1 -——— .2

A —-— .8 t-i

●6 .8 l.O
Time at max. p?essure

Period 2P

(b) Probe 2. Diameter, 0.012 inch; length, 2.0
inches.

Figure 5. - Comparison of calculated and experi-
mented.probe error.
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l-l
to
In
m

Experi- Theoretical P= - Ptin
mental

tin
~+

—

t+:- O:T’
i I A —-— -R

.2
--

!
4

/ y
/ \

.1.
~1 /w ‘ \\
! / —

/

/[ ~1

0
L!

1’ ‘ ‘ ‘ ‘ v

/

al
L1 \
$ cl-”1
al% .—
m:
$g
*PI
~ .-02
j : (c) Probe 5. Diameter, 0.017 inch; length, 0.36

inch.
.3

.2

I
/

.1

0

,
\

,.
❑

.2
0 ●2 .4 .6 .8 1.0

TYme at max.
PeriodPressme) P

(d) Probe 6. Diameter, 0.020 inch; length, 0.010
inch.

Figure 5. - Continued. Comparisonof calculated
and experimentalprobe error.
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‘Experi- Theoretical PA - ‘rein,~
mental

‘rein—
o 0.05

——— — .2—
: —--— .4 H

e) Probe 10. Diameter,0.032 inch;length,12

-. 1

-. 2E
o .2 .4 .6 .8 1.0

Time at msx. pressure
Period

9$

(f) Probe 13. Diameter, 0.047 inch;length,1.6
in@es.

Figure 5. - Concluded. Ccrmparison of calculated

and experigentsL probe error.

.

*

NACA-LangkyF IeM, V&


